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Abstract

The trend of growing population of 604 years old people is visible in most of the highly developed European countries.
Recently researchers have shown an increased interest in aging-associated diseases including neurological disorders. Neu-
rodegenerative diseases are a very important clinical problem for several reasons. One of the key aspects are: frequency of
occurrence as well as difficulties in the diagnosis, therapeutic problems and care of elderly patients. Furthermore, the very
important point is the significant decrease of quality of life of untreated patients and late-stage diagnosis of the disease. It
is crucial to develop a new, faster, high specificity and more sensitive diagnostic technology. Metabolomic profiling is a
new, promising field of systems biology which may be applied in screening, diagnosis, disease typing and monitoring of
treatment. It is a biochemical approach for biomarker discovery. Amino acids (AA) play very integral roles in the central
nervous system as neurotransmitters, regulators of metabolism and neuromodulators. Research presented in this publication
is focused on patients with Parkinson’s disease, Alzheimer disease, and elderly patients. In all analyzed cases significant
changes in the amino acid profile in patients comparing to healthy controls were observed. This study indicates potential of

amino acid profiling as a method for diagnosis.
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Introduction

Intensification of aging populations is an unquestionable
success of modern medicine on one hand, and a huge chal-
lenge and risk on the other. Significant changes in the demo-
graphic structure of most European countries are resulting
in more and more consequences. The trend of growing
population of 60+ years old people is visible in most of the
highly developed European countries. Recently, researchers
have shown an increased interest in aging-associated dis-
eases. World Health Organization discusses and describes
the increasing global public health importance of common
neurological disorders such as dementia, multiple sclerosis,
neuroinfections, pain associated with neurological disorders,

Handling Editor: J. D. Wade.

< Marcin Koba
kobamar @cm.umk.pl

Department of Toxicology, Faculty of Pharmacy, Collegium
Medicum of Nicolaus Copernicus University, Bydgoszcz,
Poland

Alzheimer Disease, Parkinson’s disease, neurological disor-
ders associated with malnutrition stroke and traumatic brain
injuries. Age is the main risk factor for numerous diseases
whose importance increases with the aging of society. Neu-
rodegenerative diseases are characterized by the slow loss of
neurons in the discrete areas of the central nervous system,
which can give rise to disorders in specific brain functions.
Consequences of neurodegenerative diseases are deficits
in memory, movement, cognition et cetera. This group of
chronic, progressive diseases includes, e.g., Alzheimer’s
disease (AD), dementia, Parkinson’s disease (PD), multi-
ple sclerosis, amyotrophic lateral sclerosis (ALS), multiple
system atrophy and Huntington’s disease. Most of neurode-
generative diseases are considered to be slowly progressive
brain disorders that begin long before the onset of mani-
festations (Hui-Ming and Jau-Shyong 2008; Hoffman et al.
2017). Neurodegenerative disorders including dementia
syndrome are very important clinical problems for several
reasons. One of the key aspects is frequency of occurrence
(epidemiology) as well as difficulties in the diagnosis, thera-
peutic problems and care of elderly patients. Furthermore,
the very important point is the significant decrease of quality
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of life of untreated patients and late-stage diagnosis of the
disease. It is crucial to develop a new, faster, high specificity
and more sensitive diagnostic technologies (Tables 1, 2, 3).

Metabolomic profiling is a new, promising field of sys-
tems biology which may apply in screening, diagnosis,
disease typing and monitoring of treatment. It is a bio-
chemical approach for biomarker discovery. Amino acids
(AA) play very integral roles in the central nervous sys-
tem as a neurotransmitters, regulators of metabolism and
neuromodulators. AAs are important in both mental and
physical functions as regulators and nutrients (Figura et al.
2018; Adachi et al. 2018). Recently, researchers indicate
the amino acid profile as a potential marker for detection
of numerous groups of diseases (Roth et al. 2011; Figura
et al. 2018; Corso et al. 2017). One of the most significant
current challenges of the research is to identify highly

specific, sensitive, reliable, easy-to-measure biomarkers
that are able to detect disease in its early stage (Hasim
etal. 2013; Roth et al. 2011). Metabolomics methods using
amino acid detection have many potential applications.
These applications include understanding the pathogen-
esis, gene modification, and detecting diseases. These
methods apply high-technology techniques such as high-
performance liquid chromatography (HPLC)/mass spec-
trometry (MS) and nuclear magnetic resonance (NMR) to
measure metabolites in biological material such as body
fluids, cells, tissues and organs (Corso et al. 2017; Inoue
et al. 2013; Zhao et al. 2017).

This review is concentrated on analyzing studies of the
most common neurodegenerative diseases. Inventing effec-
tive methods of early diagnosis is particularly crucial in
case of diseases with such characteristics.

Table 1 Results of three studies on amino acid profiles in patients with Alzheimer’s disease comparing to healthy controls (Nai-jing et al. 2010;

Corso et al. 2017; Fonteh et al. 2007)

Authors Year Results

Comments

Nai-jing et al. 2010 Significant decrease in concentration of tryptophan in
patients with AD comparing to healthy control (HC)

AD group—N=20

HC group—N=20

Free of dementia volunteers in healthy group did not have
any neurological and cognitive disease

Corsoetal. 2017 Progressive decrease in concentrations of glutamate, aspar- Investigated material from 4 groups of patients:

tate and phenylalanine

Progressive increase in concentrations of citrulline and

homocitrulline

Fonteh etal. 2007 Significant increase in concentration of urine histidine,
3-methyl-histidine and carnosine (dipeptide molecule,

Participants with probable AD—N=29
Patients with mild cognitive impairment (MCI)—N =18
Patients with subjective memory complaint (SMC)—N=24
Healthy subjects—N=46
AD group—N=38
HC group—N=8§

made up of the amino acids beta-alanine and histidine) in

patients with AD than in control group

Significant decrease in concentration of histidine in

cerebrospinal fluid from AD patients than that of control

group

Table 2 Results of study on amino acid profiles in patients with advanced Parkinson’s disease comparing to patients with early Parkinson’s dis-

ease (Figura et al. 2018)

Authors Year Results

Comments

Figura et al.

2018 Significant decrease in concentration of alanine, arginine, threonine and phenylalanine

Patients in early PD—N=22
Patients in advanced PD—N=51

Table 3 Results of study on amino acid profiles in elderly patients divided into two groups: non-frail and severely frail (Adachi et al. 2018)

Authors Year Results

Comments

Adachietal. 2018 Significant increase in concentration of glutamine in patients with SF comparing to NF  Non-frail (NF) group—~N =28

group

Severely frail (SF) group—N=31

Significant decrease in concentration of tyrosine, arginine, phenylalanine, histidine,
isoleucine, leucine, lysine, methionine, threonine, tryptophan, valine in patients with

SF comparing to NF group
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Amino acid profiling in patients
with different types of neurodegenerative
diseases

Amino acids play essential roles in the regulation of key
functions of the human body. Physiological amino acid
concentration depends on the organs’ functions and patho-
logical conditions may change their metabolism. Recently,
researchers have shown an increased interest in amino acids
profiling, especially their potential application in early
diagnosis of numerous diseases. A number of studies have
found differences between the level of amino acid profiling
in patients with various types of diseases and in healthy con-
trol group, for example in patients with Alzheimer’s disease
(Assche et al. 2015; Bateman et al. 2012; Corso et al. 2017,
Gong et al. 2015; Inoue et al. 2013; Fonteh et al. 2007),
Parkinson’s disease (Blesa et al. 2015; Figura et al. 2018)
and elderly patients (Adachi et al. 2018). Recent evidence
suggests that metabolic factors can play key roles in the neu-
rodegenerative process, at least in the early stage in the path-
ogenic process (Ngadu et al. 2015; Bredesen 2015). Neuro-
chemistry is defining the levels of amino acids pathways in
brain. For example, glutamate, glycine and bridge peptides
have neuroactive properties and they are neurotransmitters.
Glutamine is in the central metabolic pathway. Its most
important role in the brain is that of a precursor of the neu-
rotransmitter amino acids: the excitatory amino acids, gluta-
mate and aspartate, and the inhibitory amino acid, y-amino
butyric acid. Based on some works, the metabolism of neu-
rotransmitters (NTs) and their metabolites in body fluids are
significantly different between healthy people and patients
with neurodegenerative diseases such as AD. The group of
NTs includes amino acid neurotransmitters and monoamine
neurotransmitters. Both of them are widely distributed and
could play important roles in the activities of peripheral and
nervous systems. Accordingly, the comprehensive analysis
and qualification of neurotransmitters and their metabolites
would provide a significant clinical value in development of
neurodegenerative diseases diagnosis. The alterations in the
effects of neurotransmitters may be responsible for numer-
ous pathologies or may be a function of normal aging (Zhao
et al. 2017; Gong et al. 2015; Lv et al. 2015).

PFAA profiles among patients
with Alzheimer’s disease (AD)

Based on the World Alzheimer Report (2009) the AD is
the most common cause of dementia in the world (Ass-
che et al. 2015). It is an incurable, progressive and fatal
disorder that causes problems with memory, thinking,

perception and behavior among older patients. Most
patients are diagnosed at a late stage of the disease,
because the symptoms of AD can be easily mistaken
with aging. In previous studies, researchers demonstrated
that disease’s process begins more than 30 years prior to
clinical symptoms of dementia and is related to series of
changes that occur over many years in cerebrospinal fluid
biomarkers appropriate to plaques of amyloid beta, tangles
of tau protein, brain metabolism and progressive cognitive
disorders (Inoue et al. 2013; Bateman et al. 2012; Matts-
son et al. 2012). It is necessary to identify the association
between metabolic processes and disease’s pathology.

Nai-jing et al. investigated plasma metabolites concentra-
tions in 20 patients with AD and 20 healthy control subjects.
Free-of-dementia volunteers in healthy group did not have
any neurological and cognitive disease. Researchers have
indicated that concentration of tryptophan (Trp) has signifi-
cantly decreased in patients with AD compared to healthy
controls (Nai-jing et al. 2010).

Further study conducted by Corso et al. has provided
more evidence of AD-related changes in serum amino
acid profile. They investigated serum in four groups of
patients—29 participants with potential AD, 18 patients
with mild cognitive impairment (MCI), 24 patients with
subjective memory complaint (SMC) and 46 healthy sub-
jects. They found a progressive decrease in glutamate, aspar-
tate, and phenylalanine concentration and a progressive in
concentrations of citrulline, argininosuccinate and homoc-
itrulline, from healthy group over SMC and MCI to AD.
Researchers have shown the impact of disorder progression
for the amino acids profile. The study indicated potential
of using amino acids profiling for the monitoring in elderly
patients to detect at-risk subjects. This demonstrated the pos-
sible use of plasma-free amino acid profiling in early detec-
tion of Alzheimer’s disease (Corso et al. 2017).

Fonteh et al. enrolled eight AD patients and eight healthy
controls to their study. There was no significant age difference
in both groups. They reported a significantly lower concentra-
tion of histidine in cerebrospinal fluid from AD patients com-
pared to the control group. Furthermore, researchers reported
that in urine, the level of histidine, 3-methyl-histidine and car-
nosine (dipeptide molecule, made up of the amino acids beta-
alanine and histidine) was significantly higher in patients with
AD than in control group. The concentrations of 1-methyl-
histidine and anserine were significantly lower in patients with
AD urine. Concentrations of total histidine and methyl-histi-
dine were significantly higher in patients with AD urine and
level of total carnosine and anserine was lower in urine from
patients with AD. The results of this investigation show that
precursors of carnosine and anserine are lower in cerebrospinal
fluid and plasma. Authors of this paper indicated that further
studies are needed to define and validate the causes of these
changes in cerebrospinal fluid and plasma. In presented study,

@ Springer



370

E.Socha et al.

the concentration of aromatic-containing amino acids was also
analyzed. They detected that level of plasma L.-DOPA was sig-
nificantly higher in patients with AD material than in healthy
subjects. In contrast, the concentration of plasma dopamine
was lower in patients with AD material than in healthy control
group. Furthermore, the ratio of L-DOPA to tyrosine was sig-
nificantly higher in material from patients with AD compared
to control group while the ratio of dopamine to L-DOPA was
significantly lower in material from patients with AD than
in control group. Differences in enzyme substrates and their
products ratios are shown. These results suggest the changes
in tyrosine hydrolase and L-DOPA decarboxylase activities in
patients’ with AD material. Summarizing, these results present
changes in peripheral dopamine biosynthesis in material from
patients with AD which are probably assigned to enzymes in
the dopamine synthetic pathway (Fonteh et al. 2007).

AA profiles among patients with Parkinson’s
disease

Parkinson disease (PD) is one of the most common chronic,
progressive neurological diseases. This disorder is associ-
ated with a loss of dopaminergic neurons in the substan-
tia nigra pars compacta in the humans brain. It is a disease
of still unknown origin (Blesa et al. 2015). Prevalence of
Parkinson’s disease increases with age. More than 1% of
population above 60 years is affected by PD. PD appears as
a movement disorder with three main symptoms: tremor,
rigidity and bradykinesia (Tysnes and Storstein 2017).

Figura et al. conducted a study on 73 patients suffering
on Parkinson’s disease (22 patients in early PD group, 51
patients in advanced PD group). They observed significant
differences in the level of alanine, arginine, threonine and
phenylalanine. All listed amino acids were significantly
lower in patients with advanced Parkinson’s disease than
in patients on early stage of disease. Researchers reported
no significant differences regarding other analyzed amino
acids. According to the researchers’ conclusions, the possi-
ble mechanisms of serum amino acids concentration changes
in Parkinson’s disease include results of oxidative stress,
effects of mitochondrial dysfunction, malabsorption and
changes in amino acid metabolism, effects of progressive
neurodegenerative processes in the brain and results of aro-
matic L-amino decarboxylase inhibitors and dopaminergic
medications (Figura et al. 2018).

AA profiles in elderly patients

Significant changes in the demographic structure of most
European countries are resulting in more and more conse-
quences. Aging is associated with numerous physiologic
changes and an increased susceptibility to diseases. Age
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is the greatest single risk factor for numerous neurologi-
cal diseases. Researchers try to find answers to many ques-
tions about human organism to properly protect the aging
society. The most important challenges are comprehensive
understanding of the causal molecular and environmental
mechanisms, molecular processes that influence aging and
longevity, environmental processes that influence longev-
ity and age-related diseases and finally efforts to identify
predictive factors or biomarkers of age-related diseases. In
recent years, researchers have shown an increasing interest
in biomarkers of aging. These factors should help to define
and characterize the biological age and, as age is one of the
main risk factors in many diseases, could be then used to
identify patients at high risk of age-related diseases and dis-
ability occurrence (Simm et al. 2008; Hoffman et al. 2017).

Adachi et al. have analyzed plasma amino acid profile on
59 elderly patients in Japan divided into two groups—non-
frail (n=28) and severely frail (n=31). Frailty was assessed
using the CSHA-CFS Scale, a global clinical measure of
biological age. This scale includes seven points with pre-
dictive validity for clinical judgment (mortality and prog-
nostic power). Researchers observed significant differences
between the non-frail (NF) and severely frail (SF) groups
for 11 plasma-free amino acids—glutamine, tyrosine and
all essential amino acids, EAA). Glutamine was higher and
tyrosine was lower in the SF group compared to NF group.
All plasma EAAs were significantly lower in the SF patients
group compared to NF group. Furthermore, they indicated
strong correlations between plasma amino acids (leucine,
valine, lysine tryptophan, total EAA levels) and BMI, albu-
min and prealbumin levels (Adachi et al. 2018).

Discussion

During recent years the results of numerous scientific
papers indicate the potential of using amino acids profil-
ing for improving diagnosis of various diseases, including
neurodegenerative diseases (Nai-jing et al. 2010; Corso et al.
2017; Fonteh et al. 2007; Figura et al. 2018; Adachi et al.
2018). In this paper, research of plasma amino acid profiling
was reviewed to assess whether amino acids can be used for
diagnosis of various types of neurodegenerative diseases.
Presented studies showed that the levels of several plasma
amino acids have changed significantly between healthy
subjects and patients with neurodegenerative diseases. This
paper indicates the potential application of the amino acid
detection methods as a diagnostic tool for AD, PD, and for
determination of biomarkers of aging. Further analysis is
required to determine the specificity and sensitivity of indi-
cated biomarker candidates.
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